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(57)Abstract: ~ 
PROBLEM TO BE SOLVED: To provide a remote 
stimulation optical fiber communication system and 
optical fiber module wherein a gain bandwidth is enlarged 
and the gain is stabilized. 

SOLUTION; The signal light of multiplex wavelength is 
amplified with a rare earth-added fiber module for 
transmission through a transmission fiber. Here, a 
plurality of rare earth-doped fibers are simultaneously 
stimulated over a wide gain band width where the gain 
band widths of a plurality of wavelength bands are put 
together, related to a rare earth-doped fiber module. 
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[4$iflS#©fcH3 

[»*an ss^asnfcflMMtsajarsaas 
mtzmmm *ntti.3&mm+mat m E£<t is * fc «sm 

WtlSiitttttSHftOga?/^/^. ttE6& 
7 y -f A©ffl ICKB L/fc, 3f-±^i3&ft] 7r-f va- 

wc#±jR«aia7 y-f /t*s?A-;p««. j»Eflr*3t*afe 

Ej6*#ic***UT'B»bfcitfto#±ajsin7 y-f a 

iwaafi**ttiE«^3tt 
«-tt-r*»S3t»ift»t. ttEasBta-afeSTa-ttsn 

«+««i:fett«r*«»oeai-7r-f At, ttfiea 

;Pt, ira&flrS£fcfi&flM«4'ltS. 43J:tflRE*fll 
S£fctt£Att'f'it«. ©4>fc<fb-#»C|*ttLTI9! 30 

jiff ->7% x A "C $> -o X . 

t. IWE#±«JRllD7r'f AOPf«C««UfcWEfl!H» 

Est y 7 -r Aiim y a. 

*fctt»«««fr«l«£, ffiE&flNS££ttaA«'f'JK« 40 

(»E2l«igifc«2lliM+i8ti§t*&ES(iS*yi:HSffi 
«J«t»llt*t**tt-r*«[»:©e267T-fAt. 1ttE£a 
7-y-f A©WKK«bfc. *±3imini7T<A^i?i- 

;ut. Meafli«*fea£fli«*f*iii«. ^itfWEgfi 
£ffljgft»£ttig&«&fcanu%&%7 y -r a 

jiff ^fATftoT. 

WE1g-±«SSi07y-f A*S?a.-;W*. MEflHI*t©«[ 50 



4#M2 001-196672 
2 

«f *a*ff ^ ft±mmua 77^ 
t, WE»±aaan7 7-f/wm«itK«ufc. 

i!2:«4HR2:r«SIRJWBX7 7'r /tM^fA. 

[111**43 ttft*«snfc«*3ttu*-r*3i«ii 

«9E2lfiil*ttt2imfiO+i»St9JE§ffiSg*fe«Sm 

7 7-f/wmicRtbfc. mscSfc«*ia©^±smiio 
77-f/tt. ffiE&m&£fctt&flrffi*fit|g. *5=ktff(r 
Ea««*fcttS««<t»fiS. ©<!>&< 7jKRM£ 

LT^abfcii!)iS3teast, «(rEiae)tas*^(oiae^t 

7-TAH|y7fATa&oT. 

t»E»±«RJn:7 7-f Atur, WE*±«aani7y'f 
A©ffJ#©x^7 h;k fe«fc^, ffiESbjgft-cj&iSdtt 
&l»Eea7r<Ai*T£i;fc5v>fij»©x^ h;u 

mso 7 y -r Aon* t me 7 v > w» t «-to-a-fc«#© 

SS;b07y-f A&m*S •5SRB®eft 7 y 

ifcttSSflMflf UlSfc. ffiEa*t«£fctt&ffifi!*Jtl«» 

mEa««*fctt3SflMB«»»«t«a:mEs««*&»4Sflr 

«*lt»fc*»lfrr*ttR©e»7 7<Ai:, WEfiSI 
j&fln7 y-f At, lffiE£mi§Sfctta{f«!l4>l8i§, 43«fc 

tfi»Es««*fctt«flrffi«f«e. o^tt<tt>-*t 

ft7 y-f Aii«->7s-7 i AT?$>oT, 
fl&EJa£3fc©jfcfi£. flHEx;i,fc?<7 ASS2J07 y-f A©#J 
fMf*©ifii»© 1 4 9 0 nma±»ctt«-r*:itt4*« 
tf*ai«afi3tt7 y-f Aafll">^-r- A. 

jfflE&<t«£fctt&ttffi4>iitig 
»Ea«»*&t4a««i+«i»twE«««*fctts« 

77<AomCRfl,fc. #±SWRllD7y-f A=&5>.=l— 
;Ut> MGaffSft&OiSAM^MS. ««kCX(WES« 

fgSfefiSfidai^Mfg. ©'>^< tfc-TJicisnsLTis: 
{tufcaeTtast. *9Eafi3tai*>6©ae}fetm<*3t 

If y7fAT*oT. 

fflE*±a*fflI7 y-f A^E S7a.-;W. WE«*3t*« 
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esmmhc*** u Tisa t tz.mko%:±mma 7 r < a 
Eia^*ME«#3fc£#»T*»fi3fc#»S£. ne 

[It#JS7] UTJtROlfcfiHIf £«■ 

*«ko»±«WS107r-fAt. «E##±«»ain7r-f 

A©w«uc»itufcmE«^3tt*aii-r*Ri**Tpt. 
imkjs i; ti«©c ©as?? tc^tij $ ft&meflrex ee- 

*fc*©»j^^*S***fc££**«fcT*3te7x 30 

[«9!©B»fcK9!] 
[0 0 0 1] 

^ifeSJH v>&MMtiB%7 r -f A jiff ->^'t- AXtf3fe7 

[0 0 0 2] 

[«£*©&'#] ifcfi£-S©#7 7-f Ail(I->7.'5 1 AT!ffl 

(a) IC^T (XSR [1] K. Aida et al., Proc. of E 40 
COC, PDA-7, pp. 29-32, 1989, $M [ 2 ] N. Ohkawa et 
al., IEICE Trans. Commun. , Vol. E81-B, pp. 586-596. 

1998) . z:©iM«»fi$';*T'A-ett. ^mm^ftitm. 

a - b £s* UT*«»*&tt*m«i»i»iiit« 1 2 icirr 
s. esi^T-fA- f tea&7r< a- i . ^.t^es 
7 3"fA- i tgsi7r-f /vbcmctt, ^n^nx 

;Hf^AjRJ07 5"r AED F- f *5 J;Z*E D F - bif*& 
IStlTIr**. ffiE£ttii££tti£ft«it>aEf8 1 l*5=t 50 
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3, 1 4frS©®fi3t£«#3fc«U -e-iftSl 5, 16$ 

jfl^T^afesn*. wE^ifis* fc^amffln^ais i 
i . £tttt£fci*sflMH , t'«E8g 1 2 . *i«afi3t» 1 
3, i4ii. man 7, 1 sic 8=^2 nssm$nTu 

5. ffiEM«8£fcra:£ra«!l4»«lig 1 l 

fcttjMW+iM* i 2 icR&Lfcfasftsi i3, 14 
-^n-efttfj7jjaeftai 1 3 «£cftfcfflfflBftfl[ 1 4 

&JRZ.lz\zT*. »*»«Btttts27r'f A-'f &lfl 
ft. XJHf«7Ajfetin7 7"rAEDF- f £ 
fc. ft:Waftl4ei£7r<A-b£jlj&ft, x;i/fc?S 
A8S2JD7 7 -f AED F - b ^fsbe-T^. 

[0003] mtzmT&yt<D$L&it. x-iu^^mayr 

-fA (ED F) ©©glCJILfc, 1. 4 8umiSg?©;ft 
09 (a) "Crai. 4 8jimtLTW. 21ft 

ss&aaft «*at*g i ismfcflMWfctt, fs^r-r 

A*- fTfli^Ufcft, x;nf^Aasiu7r-f/tEDF- 

fTitwsft. s&k, esi77-< a- i -c&mvft 

ft, x;i/f7AmiTO7r-f AEDF-bT?ifi|l$n, 6 

217 7"f a— b $®isft. &mm£fzizgimM*M® 1 

-fA-i, e2l7r-f A-bSr^-fe^-fcSiJlt*. 3£*T 
SSesnfcx;i/tf"7Aaajn7r<A«rfflv^Vitfat^»c 

211 3 tX^Hf 1 ^ Ai3SJtl7 7'fA'EDF - f , £fcl4ft 
7jSde^iHl 4 tx;Hf^AmiD7r-rAEDF-b© 

3. Sfc, —ASIC S9ESbE3t**e»rse^l7r</^ 

o»ft«»«# (9t >w») *»ftms-ns. S9E2i(i 

§§£fcl4i£ffiai4>«il§§l lfcJ:tfS«»SfcH«fI««f» 
»« l 2 **»»«|»«ligTr* 0 . 09 (a) ©^MrLr.-y 

[0 0 0 4] 

[f£^a { »fcbJ;5i:-r-5lli§] 0 9 (a) ©^*fit^r 

©sss®s->7.^Aic^it^, m^ytm&x^? h)v& 

0 9 (b) IC^T. x;Hf7A^Jn7T< A©^Jf#X< 
<7 h;Hc^UT. «EBS 1530-1560 nmir^U 

09 (b) T'teffimtVtzZ^? b)l£*kLT&K), H 

-5. 3pJ#1lf««»4»3 0 nmTfe*. 09 (b) 

14, ^©AT^&ftA^-fe^tefc^LT 
lr>*. t9EA77®jg^A'7-f4, x;Hf^AmUD7T'f 
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A^©A7jA7 — XJUfc:*7Aj&!j07 7-fA©Ift 

ftMMtfrS. A7J®jg7fcA7-£<fctf{f^7£A7-rf>^ 

(0 0 0 5] *RWi±E©W*K«*TfcSftfct>© 10 
[0 0 0 6] 

&«ai«««t»ii«t, t»E««»*fctt2nnH*]K«* 

timEsm«£fcf*£{va 
Qmmtz&m.-rz&fkofcmyT'f At, mEess:? 20 

t, ffiE&«ii&&tt£<Ett'f'Jt«g. 43<ktfMte§«3§ 

Ufc»fi3ttfflEt. itoE®j^H*&©«fi3ttfcflM»ifc* 

^#»»T?#*s*ifciafiatefc, *»©*»!=««-*- 

wia*«c©*±swBiiD7r-f AtrawciafibT. 

[ooo7] jsft**snfc«^3t€a 

&©«*#*A*-r*«««*fctt*« 40 

— tf&m&fToft±mma7 7i At, mw&±mma 50 
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f«;*l/, ME#±£SSi07 7-rA©ffl»«. «iEtf± 
SH&Eid;? 7- -f A's © A*»S#A 7 - *S «fc tfti-^ftA 7 
-©fcftfcttSr. 2c£{bUfcClt£1#jat-f-5 i b©T 

[0 0 0 8] Sfc#»Jitt, mi«tlfc«*t6ffl 

trrzizm®£fztej£mw*M&t, fflExSJissfci* 

&ffiltf * IBIS** 5 ©«*3tt* AA-f *S«8*fctt*fll 
fflE£m»£fcf2&mffl'f>«tS£1iaEStt 

t. mtimmy7^A<Dm\zmmhft. »±mi&ayr 

'fAti?a-;Pt, jtftE3£fttt£fct*&flrfi!l*f'fKS§. 43 

KwasLTBmb&aieaaiit, mea&xii^&oa 
SB* t mm/t &&&Tz®&ytm-&8.&£ffix.tzmmm 

— !f*«sff5#±aasio7y-f At, mE#±aijgfti 

7r-f AOPf«IK««bfc. <mmttV-^%mt(0% 

-r/t©w#*, ME4fct»s^7r<A^©Aa»e3te 

A«7-;fe.fctfflW3fcA7-©S6ftKtt&r, 

[0009] &s#a$nfcft^7t*m 

««MI»t. ME£ft«*£fcl*2l41M'f'IKlitft(r££fll 

t. lWEea7T-f A©WH=»«bfc. 
O4R-±MflU07 7'frt&. ffiE2lffi«£fcf42lflMI!l>f'Jt 
§§. *£cmE£ffll§£fctt£{ta*ftHi. ©*»fc< t 

»Hnae3tt7r-f Aafli->^T-AT*oT. ii&E#±» 

iJD77-fAil/T. ffirE*±5Sasini7 7--i'Aofij^<o 

h;u. fe«ktx. WE®iE3tTraiB*nfc«>Ee2i 
7 7-f ArtTtu&^v^cx^f h;i/*«, tfcK 

f5r5fe©ifcft«SfflT#*PiB-e& 0 . jttE#±aafe!l07 T < 
AO*i]#i:WE5T>*J#«;-§-^-e-/iffM#K)X^i7 h;u 

[0010] *fc*«^»4. fcft^asnfcfi^sm 

7jt-£i£«8§£fcteii£ffi<l!l*aii§t. «te%ffi8£&a 

«*««t. m&mm&2nz\ti£mM#m&twiii%.m 
fgifc{4Sft[i!i4 i )^fs t *&&<D&m.y 7 -f a 
t, mEea7r-fA©iwKK«ufc, #**fctt«» 
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£ ©SSiigft t«^3t S-S-jfif *®fi3fc«-&jft«*« 
xfcjgf^&ft^x^AS^v'XxAT&oT. ftftflSffl 
&3£©&fi£. #nsx;nf«?A«an7r-f 

4 9 0 nm&>±\Z&&-r&Z.t\Z&Q, ffiE 
xJUK*ASain:7r-r ME#±SiSai]:7:r 
-f /Vn© A^JfKlgftA 7 - *5 =fc lf« *§ftA 7 -<D&m \Z 

6 6 -r^fb l £ c t t -r * t> © t * -g. . 
[ooii] *fc*»wtt. gift^fisnfcm^^ai io 

<Bj<F«as§<b. mesimss^asmia'fiiis^iinesflr 

ttft&x£7T<rt<Dffl\z8t&v1t* »±mmayr 

£MMES«»£fctt3MI«'f I *IS. ©4>fc< <ht>-77 
K»»LTK«Lfc»S»tt»£. WESbiBftjiaa^ ©JSi ■ 

AKgAf *&#©®fi^«i§£ffi*;fc 30 
[0 0 12] $ft*^i©3t7 7'fA : E5?a-;Hl ft 

[0 0 13] Sfc^R^ODJtt^T-f/^^a.— Jl/tt, m 

Sit, fflE»ftflffc#fcbTIMLfcttft©#±«ian 

7 ttC#»±mRAl7r'f/X«!>miKlKBb 

fciMEflr#jt*8ia-raE«tjiH i i:. tt«»c*i;Tttft 
©&ft^ic^sij * nfc n SE«^?t fc^at-r* m#7t^-?s 
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*&E#±aasan7r'f/ , «t:i»A-r*fc*oiafirye«- 

[0 0 14] 

[0015] *^©jS^e^7r</\-a(f>-x^A 

©Sgl#tfi££, H 1 fttf B 2 H«t>. 0 9i3- 

«»»4w-«F**^bT-t-oR9afe*is-r*. #sn 1 m 

F-bSr, XJl/H7AmSD7r-f A^a-^EDF- 

m— f *si^E d f - M- b i:-f-n^nfi§»Afc«i« 
»r&oTv»*. ■5-n6x;ue^ASSfti7r'rA^E^3.— 

MDF-M- {feJ:tfEDF-M-b©Mtt. 02 
(a) . (b) i:*$ntw«. x;Ut7AiRDD7 3"f 
A^a-iPEDF-M- f -fcitfEDF-M-bte, 
*5©ts© 2 ^©x;Pb*7 AWilsay r-f A*WLtu«. 
<=> «x;P b* 7 A j&BO 7 t -f A^E v'o. — )V E D F - M 

- f !CC3V»TX;H?!>AjRljn7 r-T AEDF- f-s fe 
itfEDF- f — 1 . IJl'b'7iIlm77'fn ; E-7a- 
;k E D F - M - b \Z~Z> V^Tx;i/ b*7 A^siD 7 y -f A* E D 
F-b- s&itfEDF-b- 1 — f£(t. XJt> 
bf7AjRftI7r'f/XO«»flf*t«. S&ftSf (1. 5 
5/imS) *>£tfg}&fi3? (1. 5 8nm§) ftt&S 
**. x;Pt*7A^i07T</N*EDF- f - s*3«tDtED 

F-b-stt, fitt5*<z>flMBlcjl!V>. x;i/t*7AmJo 
77-fAEDF-f-l^EDF-b-ia, Sz£ 

A#oiMicAv»Tvi«. x;nf7A«liD7r-f a*ed 

F- f-s*3«fcDfEDF-b-s x;i/b*7 ASsAD? 
7'fAEDF-f-l 43=fctfEDF-b- 1 ©ilWii 
\Z&Z\Z&K). xjUftfAWDO^yf AEDF- f - 1 
43<fctfEDF-b- 1 tt, x;Wb*7Ai^Sn7T-f A*ED 
F - f - S *3«fctf E D F - b - S ©&fg©:g;3 £*rr 
•5. 

[0 0 16] I^b*'7A®n77'f/'? : E-7a-MDF 

- M— f &J:tfEDF-M- blrA#*U£:2£ft£-S©lf 

*Httt. ^n^n^ Lfcft^o^&gg i9, 2 o \z 
.to, i. 5s/imfti. 5 8 u. mmom^ytizftm 

-fAEDF - f- s*5«t^EDF-b- s*5«k!/fi&S 
S©I^b'7A®1077'fAEDF- f - 1 .fcitfED 

F-b- nc^nxJiig^n^. ^©m, -^ft-en**- 

^bfc(t#3t©-g-iStii2 1. 2 2 \Z£K>&fo2nz>. - 
73, afi^©8itn«. KT©J:5lC7S:oTV^-5. mmft 
1 1 felCX;Ub'7 Ai^Jj07 7-i Ati'a-JVE D F -M 

- f trA*fLfeM^r&l!a)S7t«. ®iS7t©#i£S§2 3 

1:1, ^-5Vi«, 1 : 2) •C^lS^n. 
^©^•&|g2 7, 2 8 C:=k 9, x;Wb*7ASIi07'T-1' 
/tEDF- f-s^WEDF- f - 1 £{I^3fc©A9t 
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^-)VET>F -U- b\ZX%\sTz&J5faW)&%te. 

2 6\z£K>mmti.itm l : l. **v»tt, 
1:2) T^flS^n, is!ie^©^-SS2 9, 3 OtCJ: 
0. x;i/b'^Ami07r'f;\*EDF-b-s*3J:i;ED 

F-b- i £m##<D Ait*^ (w*rsi) *s»s-r* 

7r-fA'$±f5t«a6|r^fS]A^®jeUTfc«t^. Jiff 10 
#ffl*S©JBe 6 ©»gTtt. x;Ub* 

'7A3s;0O7:r--rA ; fcv 5 a— ;PEDF-M- f:fe=fc£/ED 
F - M - b <D$g^l#tt;o<gft 

[0 0 17] *f&imf&-c&*>nz>%mx'<p h)n, 
ai (b) jc^r. m&&mz3 o nm (1530-1 

5 6 0 nm) <7?ffJ#^««t. ftttftff C 3 0 nm ( 1 
5 7 0 - 1 6 0 0 nm) OW»#««*«#6nT»r»*. 

0 9 ©t&fe&flfett. &&S«© 30nm (1 5 3 0 - 

1 5 6 0 nm) ©flf««T*ofcj^6. #J#*?«E*I«, 
2«lCft9TV^«. Tfcfo-fe. *JB 1 «J«fcJ: 0 . fJ# 20 

CO 0 1 8] ^^©SfTOS^r^Aigff^T^A 
©3l2#tf££, 0 3 RtfS 4 I'^T. S3 (a) AtJHB 

;PbV7ASSfi07:r< AEDF- f 45J:tfEDF-b©-t 
f-f, FG-f-b, FG-b-f, FG-b-bS 

IB:BbTx;i/t;C7Aaani7r'f aedf- f *5J:tfED 30 

TV>& Cfcift [3] J. Massicott et al., Electron. L 
ett., Vol.32, pp. 816-817, 1996) . yr^ntfV— 

>^ttflr*3ttfc»»s-a-5. x;utr«7ASSao:7r 

-fAEDF- f iScktfEDF- bfct, tn-enSS07 

ri'/^l'-T-r >^t'ct0, v>*?t$>5 7r7 r >J-^D 

-S^ISitl/- !f*«UT. W»— S»ff»*tf5 40 

*«B€fflV»fc*J*fcWTr** CfcSfc [4] G. Luo e 
t al., IEEE J. Lightwave Technol., Vol. 16, pp. 52 
7-533, 1998) . 2 #tj&©f£ffflB*5 £Z*Wlftm\ZM 

[0 0 19] *f&2Mmz&\tz*mx'<i7 must, b 

3 (b) k^t. x;i/f>i'A^jo7T'f nxt>m&ytrt 

7- (Pp) ftffttKfcHT. — £©£]f#7.^ 

[o o 2 o] sMg^sBwasft^T-f asw^^a so 



2001-196672 

10 

OI3MS, 0 5lC^-r„ H«K H9iW-ffl»llH 
-«F^*«-UT-t«OR?8S«lsr*. 4eJ(S3*jsRTtt. 
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•>'J*77'fAT*t), X^h'^A^JO^r-f A'EDF 
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^3t»4. <Wd©#i£i§19, 2 0ICJ;»3, 1. 5 5« 

mitt i.58 Atm#©{i^3tic«-»isn. -?-n^ns 

&S^©x;l/f'7Ami07 7"f/\*ED F- f-s43«fctf 
ED F - b - s *5ck^5feS^©x;Pt*^A^ll07 7"f 
AEDF - f - 1 43<fctfEDF-b- 1 icS^ftTJtifil 
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ft©A3t7jpS] (Hfcfrftl) *»saST*J:5ir. 
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[0 0 3 0] »4©#fflHK01*jRLfcJ:3»::. ff^ft 
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[0 0 3 4] [S4HMM] S6«, *«^4HJfiW 
<0iSfS®jg# 7 r -f Ailfg t- A ©flljBg h X H 
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